Abstract Mainly through trampling and manuring, ground-nesting seabirds induced significant habitat changes both on vegetation cover and soil in one of the largest French colonies of European Storm Petrel Hydrobates pelagicus, Habitat deterioration led to a high level of erosion and the collapse of many former Rabbit Oryctolagus cuniculus burrows previously occupied by breeding Storm Petrels. The loss of burrows accelerated in recent years since Great Cormorants Phalacrocorax carbo bred on the islet with growing numbers. The main consequence of this disturbance was at first shifting of breeding Storm Petrels from burrows to rocky sites, reflecting some behavioral plasticity to buffer environmental variability. But over 18 years, a significant decrease in breeding numbers of Storm Petrels was recorded and attributed to continuous nest site destruction. Thus, other behavioral responses were also suspected, such as temporary non-breeding or emigration of birds that have to find a new nest site. Such a problem of heavy erosion and loss of nesting habitat could induce serious detrimental effects on burrowing seabirds breeding in a limited number of colonies.
Introduction
Habitat deterioration is a serious threat to breeding seabirds (Burger and Gochfeld 1994; Jouventin 1994; del Hoyo et al. 1992; Probst et al. 2000; Baker et al. 2002) . The most sensitive to such threats are species that breed underground, like many Procellariiformes or Alcids with about 80% (excluding Diomedeidae) and 77% respectively using burrows or crevices (from del Hoyo et al. 1992 Hoyo et al. , 1996 . Modifications of their nesting habitat can either be due to a single factor or to a combination of different factors such as natural erosion, human impact or impact of other animals, endogenous or introduced species, directly through grazing, trampling or burrowing, or indirectly due to manuring (chemical impact of excrements) and modification of the vegetation cover. For example, Rabbits Oryctolagus cuniculus have had a significant detrimental impact on natural habitats ranging from Europe to Australia and New Zealand and on sub-Antarctic Islands (Norman 1970; Priddel et al. 2000; Baker et al. 2002; Courchamp et al. 2003) . These impacts can be amplified on small islands where ecosystems tend to be more sensitive to perturbations (Gillham 1956b) . Introduced cattle may also have a great impact on habitat through overgrazing, trampling, or rooting (Warham 1990; Burger and Gochfeld 1994; Jouventin 1994; Zino et al. 2001; Baker et al. 2002; Carlile et al. 2003; Martínez-Gómez and Jacobsen 2004) . It is not just introduced mammals that modify island habitats, impacts of indigenous species have also been reported, generally associated with an increase in numbers (shags on shearwaters : Richdale 1963 ; shags on petrels: Brothers 1984; seals on petrels: Berrow et al. 2000 ; gannets on shearwaters: Siorat 2004) . Management and conservation programmes dedicated to some threatened seabird populations may require the active reduction of some impacts, e.g., removal of livestock, perhaps followed by habitat restoration that may also include the provision of artificial burrows (AB) (Warham 1996; Priddel et al. 2000; Carlile et al. 2003; Courchamp et al. 2003) .
The European Storm Petrel Hydrobates pelagicus is the smallest breeding seabird in Europe and one of the smallest in the world (about 26 g). The conservation status is considered as 'Secure' in Europe and 'Vulnerable' in France (Rocamora and Yeatman-Berthelot 1999; BirdLife International 2004) . The nominate subspecies H. pelagicus pelagicus breeds in the northeast Atlantic, from the Canary Islands to Norway and Iceland, and the subspecies H. pelagicus melitensis is confined to the Mediterranean (Cramp and Simmons 1977; del Hoyo et al. 1992; Mitchell and Newton 2004) . Due to the underground breeding habit of this small seabird and the consequential difficulties of census, the estimate of the world population is very approximate, ranging from 310,000 to 690,000 pairs (Mitchell and Newton 2004 ) and the population trend of the species still remains mainly unknown. European Storm Petrels nest in different habitats, cavities under rocks, boulders, dry stone walls or burrows generally initially excavated by other species, e.g., Rabbits or Manx Shearwaters Puffinus puffinus (Cramp and Simmons 1977) . The numbers and distribution of the species are closely related to the availability of safe nesting sites, free of mammalian predators (de León et al. 2006) . In Brittany (western France), regular censuses have been carried out and European Storm Petrels breed at less than 20 colonies with a total estimate of nearly 900 pairs in 2001-2002 and around 790 pairs in 2008, of which 82% located in the Molène archipelago (Cadiou 2002 and unpublished data) .
In this study, we use long-term monitoring data collected over 18 years on neighboring breeding colonies of Storm Petrels to investigate the direct and indirect impacts of changes in their nesting habitat (especially burrows) caused by the colonization and the activities of (1) introduced rabbits and (2) indigenous species of ground-nesting seabirds, both on vegetation and soil, and (3) also caused by a severe storm. We compare the results obtained for the state of vegetation cover and for the trend in breeding number of Storm Petrels and the nest site occupancy rate in colonies with different density of ground-nesting seabirds.
Methods

Study site
The study was conducted between 1991 and 2008 in the Iroise National Nature Reserve, and mainly focused on the islet of Roc'h Hir (5°01 0 N, 48°25 0 W), which is one of six Storm Petrel colonies in the Molène archipelago (Brittany, W France). It is a low-lying islet (average height of 10 m) around 200 m long and 40-70 m wide, with an area of 0.85 ha. Soil colonized by coastal vegetation is mainly located on the central part of the islet, with scattered boulders and rock piles covering the remainder (Fig. 1) . Roc'h Hir is linked at low tide to the neighboring islets of Enez Kreiz (0.39 ha) and Banneg (9.42 ha), where Storm Petrels also breed. Rabbits were very likely introduced to all three islets in the 1950s by local hunters (Cuillandre et al. 1989 ), but they had died-out by 1993 after a natural epidemic (probably VHD or myxomatosis). The three islets are also free of rats Rattus spp. and other mammals except for the Lesser White-toothed Shrew Crocidura suaveolens.
Nest counts
Census of Storm Petrels was mainly conducted by day during incubation and chick rearing, from late June to early September. Combinations of different methods were used for census of apparently occupied sites (AOS): direct investigation of nest chambers by hand or where possible by observation with a torch, or also, but only since 1999, by using the tape playback method (see Cadiou 2001 for details). AOS were identified by one or more indices recorded at different dates of visit during the breeding season: chick or down of chick, egg or egg shells, apparently incubating adult, non-incubating adult, adult responding to tape playback. It was sometime difficult to assess if the egg or egg shells, especially when inaccessible, was laid during the current breeding season or during the previous one. Thus in some years, there were a minimum and a maximum number of AOS according to this uncertainty. All old chicks which could be caught in nest sites were ringed as well as a few adults, and subsequent Fig. 1 Map of the islet of Roc'h Hir in the Molène archipelago. The main vegetated areas and rocky areas (blocks) are in white and light grey, respectively, and the rocky outcrop is shown in black; in dark grey the area with artificial burrows; arrows indicates the main routes of the Cormorants when they walk from their nests to the sea controls in nest sites in the different study colonies gave the opportunity to assess breeding and natal dispersal. Annual censuses were conducted since 1991, excepted in 1993 and 1995-1996 . Each breeding site was numbered and mapped, by painting the number on a neighboring rock or on a small stone placed near the entrance. Individual marking of nest sites allowed monitoring their occupancy from year to year. Initiated in 1991, nest marking was not done between 1992 and 1997, and a few previously known nest sites could not subsequently be relocated due to weathering of the paint. During census visits, all previously known nest sites as well as all potential breeding sites were inspected and newly occupied sites were discovered each year. Nest sites permanently destroyed or with the entrance filled up were recorded as 'dead sites'. The cumulative number of dead sites was used as a measure of nest site destruction. In a few cases, the entrance of a burrow was blocked in 1 year and naturally opened again in the following year. A total of 241 different nest sites have been occupied at least once since 1991, including eight sites that were not relocated and considered as being probably dead sites. To take in account uncertainty about these sites, we added 4 ± 4 sites to the number of dead sites recorded annually from 1997 to 2008. The number of potentially available sites corresponded to the number of sites known to have been occupied at least once during the study period, opened in the current breeding season and considered as useable for Storm Petrels, out of which some of them were effectively occupied (i.e., AOS; total number of known sites = AOS ? unoccupied potentially available sites ? dead sites). For Great Cormorants, European Shags and gulls, well-built nests (empty or containing eggs or chicks) were counted during the peak of incubation period from March to May according to the species. Over the 18 years of the study period, nest counts were available for 15 years for Storm-petrels and Shags, for 12 years for Cormorants (established since 1997), but only for 5 years for gulls. Two main areas, South and North, were distinguished on the islet according to topographical features and to the distribution of Storm Petrels and Great Cormorants (Fig. 1) .
Types of Storm Petrel nest sites
Physical characteristics of nest sites were mainly recorded in 1991 and 2002 with some additional data from other years. Three main different types of sites can be distinguished: (1) rocky sites (RS), natural cavities or crevices under boulders or in rocky cracks, (2) rabbit burrows under boulders (BB), a partially buried block being the roof of the site, and (3) rabbit burrows in the soil (BS), in bare earth or covered with vegetation. This last category is the most sensitive to trampling and erosion.
Artificial burrows
Due to the damage recorded on burrows, an experimental study was conducted within the framework of a LIFE nature project 'marine islets and archipelagos in Brittany'. In March 1999, 41 AB were provided in the northeastern part of the islet ( Fig. 1 ): three previously known nest sites with a threat of collapse, five previously known nest sites already collapsed and 33 new nest sites. All the previously known sites were BS. The new holes were dug in the soil before the insertion of a drainage plastic pipe (50 cm long and 10 cm diameter), constituting both the tunnel and the nest chamber. A partial cut was made in the floor part to avoid egg laying directly on the plastic (Warham 1996) .
Vegetation surveys
Vegetation surveys were conducted in order to assess longterm floristic changes and vegetation dynamic processes, which can affect the breeding habitat of Storm Petrels, especially burrows, through impact on soil stability and erosion. Following the sigmatist phytosociological methodology (Géhu and Rivas-Martinez 1981; Géhu 1986 ), exhaustive lists of plants were recorded on homogeneous areas distinguished on the basis of floristical, physiognomical and ecological characteristics and a dominanceabundance score was assigned to each species. Data collected on Roc'h Hir (1986 and 2003, three and 13 sample plots, respectively, with a surface ranging from 3 to 50 m 2 ) were compared with surveys set up on similar plant communities on the neighboring island of Banneg (1986 and 1998, three and six samples respectively, from 10 to 100 m 2 ) as well as on Ouessant, an inhabited isle with an area of 1,558 ha located a few kilometers apart (1986, eight samples of 100 m 2 , without seabird colonies) (Bioret 1989 and unpublished data).
Statistical analyses
The relation between number of dead sites, and AOS, and number of ground-nesting seabirds was analyzed using generalized linear model (GLM) of regression. The initial model considered the simultaneous effects of number of ground-nesting seabirds, number of dead sites, year, and their interactions on the number of AOS. Due to the lack of regular counts for gulls, there was not enough data to fit the model with the simultaneous effects of all the groundspecies, excepted for Cormorants and Shags. In order to compare the spatial and temporal trend in AOS distribution between the two Storm Petrel areas or between the four different categories of nest sites, we calculated annual relative values (number of AOS in each area or for each category of sites divided by the total number of AOS recorded that year). Ratios were arcsine transformed before using GLM of regression with year as the covariate and area or category of nest sites as a factor. Initial model considered the simultaneous effects of area, type of site, year and their interactions on the AOS distribution. The P-value was set at 0.05 and the Bonferroni correction was applied where separate linear regression analyses were performed on data sub-sets for the four different type of sites, the significance level being then 0.0125 for each test performed. We also used a Chi-square test to compare the number of AOS versus empty available sites between the two neighboring colonies of Roc'h Hir and Enez Kreiz.
Results
State of the vegetation cover
Four successive stages characterized the vegetation dynamic process (Table 1 ). The original unaffected vegetation, the historical climax, consists of a dense maritime grassland community dominated by perennial halophytes (Table 1) . This state, recorded on the nearby inhabited isle of Ouessant, was supposed to exist on the islets up to the 1970s (J.-Y. Monnat, pers. comm.). The following stage, the biotic climax, corresponds to an Armeria maritima cushion grassland, a vegetation facies directly linked to rabbit overgrazing (Table 1) . Subsequently, increasing gull and rabbit pressure leads to a high level of vegetation disturbance and to the development of a secondary community, totally different and dominated by halo-nitrophilous species (Table 1 ). The species richness was divided by two, original species vanished or still remain as relicts. The rapid decrease of gull populations since the end of the 1980s (Cadiou and Yésou 2006) and the natural extinction of rabbits in 1993 have led to a recovery process on Banneg towards a fourth stage, the local climax. It is a dense herbaceous grassland corresponding to an impoverished vegetation facies without a set of characteristic species which did not recover (Table 1 ; Kruskal-Wallis test on species richness, H = 21.053, P \ 0.001). However, due to high density of ground-nesting seabirds, this stage was never reached on Roc'h Hir where the secondary community was mainly dominated by Beta and Atriplex, and locally by Cochlearia. This Cochlearia community, dominated by non-perennial species, does not present a total coverage, especially in wintertime when large bare soil zones are visible and exposed to erosion. On Enez Kreiz, the secondary community was less damaged without large bare areas exposed to erosion.
Impact of the storm in 2008
A storm occurred in early March 2008 and submerging waves washed out all nests of Cormorants on the islet, with subsequent replacement laying in April. Some rocks were also moved, destroying ten sites of Storm Petrels, mainly located in the South (six RS, three BB and one BS). New favorable nesting habitat was also created by the storm and two pairs of Storm Petrels were found a few months later in a new rock pile accumulated on the southeast coast.
Numbers and distribution of ground-nesting seabirds
Cormorants successfully bred annually on Roc'h Hir since 1997 with increasing numbers and a maximum of 132 nests in 2007 (Fig. 2) . The small decline in their breeding numbers between 2007 and 2008 was probably linked to the storm. The distribution of nests showed marked interannual variability: at first, birds mainly occupied rocky areas and afterwards they settled elsewhere, at the base and on the top of the rocky outcrop since 2004 and in the 1950-1970 1970-1985 1985-1993 1993 to now a Species richness expressed as median number of plant species (and mean number in brackets), n = number of sample plots for each stage, with a surface ranging from 3 to 100 m 2 (see ''Methods'') central part of the southern area in 2008. On the whole, they nested at least once about every where in the South of the islet. Movements of walking Cormorants were always towards the East coast, less exposed to waves, sometimes creating large routes in the vegetation due to trampling ( 
Numbers and distribution of Storm Petrels
The first estimate of the breeding population on the islet was 47 AOS counted in 1969 (Brien 1970) . In the 1970s and 1980s, data were too sketchy to know the trend in breeding numbers. Over the study period, the annual number of AOS increased and culminated in 2000 but decreased significantly afterwards ( Fig. 2 ; quadratic regression: F 2,12 = 8.98, P \ 0.01, R 2 = 0.53).
The cumulative number of dead sites significantly increased over the study period, from 0-1 in 1991 to 138-146 in 2008 ( Fig. 2; F 1,13 = 96.27, P \ 0.001, R 2 = 0.88). There was a highly significant linear relationship between the cumulative number of dead sites and the breeding numbers of Cormorants (F 1,13 = 220.63, P \ 0.001, R 2 = 0.94), but no linear relationship with the number of Shags or gulls (respectively F 1,10 = 1.56, n.s. and [2007] [2008] . On the other hand, from 1999 to 2008, 11 different AB were used at least once: one previously known site with a threat of collapse, one previously known site already collapsed and nine new sites. Two of these artificial sites were occupied five times over the study period, the others mostly once or twice.
Analyses pointed out a major significant negative relationship between the annual number of AOS and the cumulative number of dead sites, and also a significant effect of year without any effect of their interaction, but no effect of the number of Cormorants (final model of the GLM analysis: number of dead sites, df = 1, F = 15.31, P \ 0.01; year, df = 1, F = 7.36, P \ 0.05; Fig. 2) . Initial model for this same analysis but including also the number of Shags was not significant (F 10,1 = 4.74, n.s.).
There were major effects of type of site and interaction between type of site and year on the spatial and temporal variation in AOS distribution, and a less pronounced effect of area (final model of the GLM analysis: area, df = 1, F = 5.25, P \ 0.05; type of site, df = 3, F = 28.82, P \ 0.001; year, df = 1, F = 0.02, n.s.; type of site 9 year, df = 3, F = 28.79, P \ 0.001). At the scale of the relative proportion of AOS, separated linear regression analyses indicated that the relative proportion of BS amongst AOS registered a significant continuous decline from 74% in 1991 to 11% in 2008 ( Fig. 3a; F 1,13 = 86.41, P \ 0.001, R 2 = 0.87). Over the same period, the relative proportion of AOS for RS increased from 16 to 76% ( Fig. 3a; F 1,13 = 33.15, P \ 0.001, R 2 = 0.72) and there was no significant trend for BB and AB ( Fig. 3a ; respectively F 1,13 = 3.50, n.s. and F 1,8 = 0.04, n.s.). As a consequence of habitat degradation, the relative distribution of AOS amongst the different types of sites has undergone major changes from 1991 to 2008. The variation in relative proportion of AOS between the two areas showed marked interannual variability and, when analyzed separately, there was no significant trend ( Fig. 3b ; F 3,26 = 2.66, n.s.). BS were the more numerous known sites (55%), followed by RS (33%), BB (9%) and AB (4%; Fig. 4a ). The rate of nest site destruction was significantly different amongst these categories and the two areas (v 2 2 = 68.25, P \ 0.001 and v 1 2 = 4.84, with Yates' correction, P \ 0.05 respectively; dead sites versus potentially available sites, without taking into account the nine new AB; Fig. 4b ). About 60% of the nest sites have been destroyed since 1991, the respective proportions being two-thirds in the South and one half in the North. BS represented the largest proportion of dead sites (82% of the known sites for this category and 76% of the total of dead sites; Fig. 4b ). For BB, 62% have been destroyed, representing 9% of the total of dead sites. These proportions for RS were 25 and 14%, respectively.
The South of the islet is the area the most impacted by Cormorants, with also additional effects of gulls. The impact of Shags appeared to be limited, except around the rocky outcrop. In the North, the destruction of burrows was mainly due to the impact of gulls. It would seem that the expansion of Cormorants in the South in recent years have forced some Great Black-backed Gulls to move to the North. The North end still remains the only area that has not suffered from erosion or become overgrown with tall vegetation. Most of the AOS were now RS located at the South and North ends of the islet as well as around the rocky outcrop, and most of the sites newly occupied in recent years were RS.
The proportion of unused potentially available nest sites on Roc'h Hir ranged between 60 and 69% in [2005] [2006] [2007] [2008] . The corresponding non-occupancy rate was 46 to 62% on Enez Kreiz with about 112 AOS in 2008 and only six dead sites out of 216 known nest sites, mainly old rabbit burrows (comparison between these two colonies, number of AOS versus empty available sites in 2008: v 1 2 = 5.10, with Yates' correction, P \ 0.05).
Discussion
Impact of seabirds and rabbits on vegetation and soil
Through different actions, such as trampling and manuring, large seabird colonies induce significant changes of chemical properties of the soil and of plant cover (Ellis 2005) , as recorded in gull and some petrel colonies for example (Gillham 1956a (Gillham , 1956b Bioret et al. 1988 Bioret et al. , 1991 Warham 1996; Vidal et al. 1998; García et al. 2002) . These various effects lead to the progressive replacement of original plant species by secondary communities with a dominance of annual species, and also to a gradual soil denudation of some impacted areas (Gillham 1956a; Bioret et al. 1988 Bioret et al. , 1991 Vidal et al. 1998 ; see review in Ellis 2005; Fig. 5 ). After denudation, soil became directly exposed to leaching and increasing erosion, especially in winter. The damage can be irreversible with a complete disappearance of the soil, uncovering the bedrock. Moreover, in areas where plant cover has been reduced, Storm Petrel burrows remaining in a shallow soil thus became increasingly vulnerable to trampling by ground-nesting seabirds and to the risk of blocking. Hornung (1981) has shown that infilling of burrow entrances on an Atlantic Puffin Fratercula arctica colony outside the breeding season was higher in bare and sparsely vegetated ground. Bancroft et al. (2005) recorded a rate of collapse of burrow entrances in Wedge-tailed Shearwater Puffinus pacificus twice higher in areas with shallow-rooted annual vegetation cover than in areas with perennial species. Norman (1970) , when studying the effects of rabbits on Short-tailed Shearwaters Puffinus tenuirostris, concluded that destruction of vegetation increased erosion and impacted areas became unfavorable for burrowing birds. Tollu (1984) reported a special case where the own activity of Fleshfooted Shearwaters Puffinus carneipes have led to erosion and complete disappearance of the area where birds initially bred. As rabbits, which initially excavated all the burrows on Roc'h Hir, have permanently disappeared, RS would be the most numerous remaining available nest sites in the future with some BB and AB. The burrowing activity of introduced rabbits has initially clearly increased the number of available nest sites for Storm Petrels but rabbits have also contributed to increase the instability of the shallow and friable soil, before intensification of trampling by expanding ground-nesting seabirds, firstly gulls, then Shags and finally Cormorants, with an additional effect of the storm in 2008. Storm Petrels apparently did not try to reopen collapsed burrows, despite some observers claiming they are capable of doing so (Cramp and Simmons 1977; del Hoyo et al. 1992; Bancroft et al. 2005) . The fragility of the soil in some areas on the islet implies that observers should walk very carefully to avoid accidental trampling and additional destruction of burrows.
The rapid increase of Cormorants on Roc'h Hir, associated with regular changes in distribution of their nests, has accelerated the erosion process initially started with the presence of rabbits and gulls. A Great Cormorant has potentially a greater impact because it weighs about twice as much as a Great Black-backed Gull (very approximately 3 and 1.5 kg), it walks more than gulls, nests in higher density, has more young, and produces far more guano around the nest. This explains the rapid increasing rate of burrow collapse in the South of the islet where breeding Cormorants were established.
Responses of Storm Petrels to habitat change
The continuous decrease on Roc'h Hir since 2000 differed from the demographic trend recorded on the neighboring colonies over the same period, with increasing breeding (Cadiou 2002 and unpublished data) . Reasons of overall decrease remained unknown but could be linked to availability of food resources and non-breeding (Hémery et al. 1986) , as well as reduction of survival probabilities.
The fate of the colony on Roc'h Hir especially markedly contrasted with the one of the small nearby islet of Enez Kreiz, where most of the breeding sites were old rabbit burrows but where the density of ground-nesting seabirds was much lower, with only 2-5 pairs of Shags and 6-8 pairs of Great Black-backed Gulls breeding annually. The vegetation cover and the soil were in better conservation state, minimizing the risk of burrow collapse. Thus, the presence and impact of Cormorants, and to a lesser extent gulls and Shags, appears as the main difference between these two nearby colonies. A difference in adult survival between these colonies seemed unconvincing to explain the differences in population trends. Nevertheless, it should be underlined that important differences in demographic parameters (such as survival and breeding success) could be detected between neighboring Storm Petrel colonies (Tavecchia et al. 2008) . Pairs of Storm Petrels that were unable to reoccupy their nest site from 1 year to the next due to collapse were be forced to disperse elsewhere on the islet or to neighboring colonies. At first, breeding Storm Petrels can buffer the changes in nesting habitat by shifting from destroyed burrows to RS, resulting in a modification of the spatial distribution of AOS over the islet. Some disturbed pairs can then settle and breed together close to their former site. But, as a progressive and continuous decrease in breeding numbers was recorded over years, and exclusively on Roc'h Hir, other types of behavioral responses should be considered for these Storm Petrels which have to find a new nest site. Temporary nonbreeding or emigration were suspected and such behaviors could be costly for the birds as this could induce some non-breeding years or a potential decline in breeding success during their future breeding attempt due to burrow and partner change (Brooke 1990; Warham 1990; Mougin 1991; Bried and Jouventin 2002) . Procellariiformes, as many other seabird species, are generally considered to be faithful to their nest site and their partner, at least as long as they breed successfully, and pair bond is assumed to be linked to site fidelity (Richdale 1963; Morse and Buchheister 1979; Morse and Kress 1984; Warham 1990; Bried and Jouventin 2002) . Moreover, the behavioral process governing the acquisition of a site and a partner generally takes some years (Danchin et al. 1991; Warham 1996; Bried and Jouventin 2002) . The regular collapse of nest sites on Roc'h Hir forced breeders to search for and occupy new sites on the islet more and more frequently that probably result in pair bond disruption and in some birds skipping breeding during one or more years. From our data, it can be assumed that Storm Petrels settled at first preferentially in burrows, and were forced to occupy RS when the number of available burrows declined due to nest destruction. We have no data on the breeding success in the different types of sites, but if there was a significant difference with higher failure rate in RS the increased proportion of birds using such sites may have large implications for productivity of the colony as a whole. Over the long term, Storm Petrels would emigrate if the number of available nest sites will be too low due to continuous nest destruction. Indeed, exceptional events like the disappearance of their previous site can force seabirds to emigrate to another colony (Richdale 1963; Morse and Kress 1984) . Richdale (1963) have shown that changes of sites in the Sooty Shearwater Puffinus griseus occurred at an average distance of 2.3 m in normal situation but this distance increased to 12.2 m after installation of Bronze and Stewart Island Shags Phalacrocorax chalconotus and P. huttoni in one part of the colony, preventing occupation of breeding sites by shearwaters. Temporary non-breeding and breeding dispersal were also recorded in the Black-legged Kittiwake Rissa tridactyla after the destruction of the warehouse where they previously bred (Fairweather and Coulson 1995) . In the present study, nesting habitat change on Roc'h Hir seems not to constitute a major threat for Storm Petrels because there are numerous available nest sites in the two nearby colonies. For more or less isolated small colonies such a problem of erosion could induce much more serious detrimental effects if available nest sites would be definitely destroyed. Indeed, by maintaining the maximum number of colonies the probability of extinction of the metapopulation decreases (Hanski and Gilpin 1997) . Habitat destruction was also reported on some Storm Petrel colonies in Britain and Ireland. On Auskerry, the largest colony in Orkney, a 79% decline in breeding numbers between 1995 and 2001 was mainly attributed to the destruction of old rabbit burrows by increasing Sheep Ovis aries pressure (Mitchell and Newton 2004) . However, lack of data from neighboring colonies meant it was unclear what effect the emigration from Auskerry had on numbers breeding in the region as a whole, and it should be noted that breeding and natal dispersal still remain poorly investigated behaviors in European Storm Petrel. Emigration of breeders from Roc'h Hir to the very close islets of Enez Kreiz or Banneg (see Fig. 1 ) does not appear theoretically improbable even if a previous study pointed out an absence of exchange between two Storm Petrel colonies located 1.3 km apart (Hémery et al. 1986 ). Unfortunately, breeders have not been regularly ringed on Roc'h Hir and eventual subsequent movements (i.e., breeding dispersal) will be difficult to identify (no case recorded during the study period), excepted for birds ringed there as chicks that could emigrate to the neighboring colonies and could be controlled as breeders in the future, as illustrated by the two cases of natal dispersal already recorded (out of three cases of natal dispersal recorded amongst 47 birds ringed as chicks and controlled as breeders in one of the three study colonies; own data).
Artificial nest sites for burrowing seabirds
Up to now, adding new artificial nest sites is not planned on Roc'h Hir, especially due to the availability of breeding habitat in the two neighboring colonies and also to their relatively low occupancy rate, and such experiments has to be in accordance with the management plan of the Nature Reserve. Provisioning AB has been used in seabird conservation and restoration programmes throughout the last few decades, for petrels (Byrd 1979; Podolsky and Kress 1989; Priddel and Carlile 1995; Cruz and Cruz 1996; Warham 1996; Carlile et al. 2003; Mínguez 2003, Bolton et al. 2004; Miskelly and Taylor 2004) , auklets (Thayer et al. 2000) or penguins (Houston 1999) . Artificial sites could be considered as a useful conservation tool to limit the effects of heavy soil erosion or to increase the number of potential nest sites (Priddel and Carlile 1995) .
Conclusions
Results pointed out that cumulative impacts of perturbations induced by Rabbits and ground-nesting seabirds on an islet with shallow and friable soil have led over a period of 18 years to clear changes in vegetation, to habitat degradation and to a rapid increase in the collapse of burrows used by Storm Petrels. Amongst all the interspecific interactions identified, it should be emphasized that the recent and rapid increase of Cormorants has had the major negative impact, also intensified by a storm in 2008. Storm Petrel behavioral plasticity to buffer such environmental variability can result in a change of nest site in the same colony, but, as breeding numbers have undergone a decrease at the scale of this impacted colony, emigration to another colony or temporary non-breeding could also be suspected. Long-term monitoring of seabirds and vegetation should be maintained in the future and could provide information about numerical trends, breeding success in the different types of nest sites, adult survival, dispersal between colonies and dynamic processes of the soil-vegetation system. 
